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ABSTRACT 27 
The impact of animal blend protein supplements in endurance athletes is scarcely researched. 28 
We investigated the effect of ingesting an admixture providing orange juice and protein from 29 
beef and whey versus carbohydrate alone on body composition and performance over a 10-30 
week training period in male endurance athletes. Participants were randomly assigned to a 31 
protein (CHO+PRO, n=15) or a non-protein isoenergetic carbohydrate (CHO, n=15) group. 32 
Twenty grams of supplement mixed with orange juice was ingested post-workout or before 33 
breakfast on non-training days. Measurements were performed pre- and post-intervention on 34 
body composition (by dual-energy X-ray absorptiometry), peak oxygen consumption 35 
(V̇O2peak), and maximal aerobic speed (MAS). Twenty-five participants (CHO+PRO, n=12; 36 
CHO, n=13) completed the study. Only the CHO+PRO group significantly (p<0.05) reduced 37 
whole body fat (mean±SD) (-1.02 ± 0.6 kg), total trunk fat (-0.81 ± 0.9 kg) and increased 38 
total lower body lean mass (+0.52 ± 0.7 kg), showing close to statistically significant 39 
increases of whole-body lean mass (+0.57 ± 0.8 kg, p=0.055). Both groups reduced (p<0.05) 40 
visceral fat (CHO+PRO, -0.03 ± 0.1 kg; CHO, -0.03 ± 0.5 kg) and improved the speed at 41 
MAS (CHO+PRO, +0.56 ± 0.5 km.h-1; CHO, +0.35 ±0.5 km.h-1). Although consuming 42 
animal blend protein mixed with orange juice over 10 weeks helped to reduce fat mass and 43 
to increase lean mass, no additional performance benefits in endurance runners were 44 
observed.  45 
 46 
Keywords: Whey; beef; lean mass; trunk fat; visceral adipose tissue; aerobic, runners.  47 
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Introduction 48 
The current daily protein recommendation for regular endurance exercisers is 49 
between 1.2 to 1.6 (Thomas et al., 2016) or up to 1.8 g.kg.body mass for trained endurance 50 
athletes (Jager et al., 2017). Accordingly, Kato et al. (2016), using the amino acid oxidation 51 
method, suggested an average daily consumption of 1.65 or up to 1.83 g.kg.body mass to 52 
satisfy protein requirements in endurance trained males. Such an amount of daily protein 53 
intake should be administered evenly spaced throughout the day. Moreover, the consumption 54 
of protein during the post-workout time has been proposed as a pragmatic and sensible 55 
strategy (Kerksick et al., 2017) for supporting recovery and the adaptational processes 56 
(Doering et al., 2016). While no ergogenic outcomes may be evident, research has reported 57 
that the post-workout ingestion of protein and carbohydrate admixtures are effective to 58 
attenuate markers of muscle damage, decrease muscular soreness (Kerksick et al., 2017), and 59 
maintain or increase muscle mass in endurance athletes compared to the ingestion of only 60 
carbohydrate (D’Lugos et al., 2016). Consequently, the post-workout ingestion of protein-61 
carbohydrate admixtures may attenuate muscle disruption and optimize changes in body 62 
composition but this practice may not have a meaningful effect on performance compared to 63 
the ingestion of carbohydrate alone (McLellan et al., 2014). 64 
Both whey and beef are high-quality protein sources with a very similar amino acid 65 
composition to that found in skeletal muscle (Cruzat et al., 2014). Although whey contains 66 
higher concentrations of leucine, which seems to be an important essential amino acid for 67 
starting muscle protein synthesis (Naclerio and Larumbe-Zabala, 2016), beef is a source of 68 
heme-iron, zinc, vitamin B12, and essential fatty acids that are relevant nutrients in 69 
supporting muscle remodeling (Phillips, 2012). Indeed, the ingestion of a post-workout 70 
hydrolyzed beef protein was effective to protect muscle mass in male endurance athletes 71 
(Naclerio et al., 2017). On the other hand, whey is composed of several bioactive fractions 72 
(glycomacropeptide, β-lactoglobulin, α-lactalbumin and lactoferrin), with multiple health 73 
(Zapata et al., 2017) and weight control benefits (Miller et al., 2014). Although the positive 74 
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effects of protein supplementation to support lean mass in endurance athletes is well 75 
documented (Doering et al., 2016), its effects to reduce total and abdominal fat have been 76 
mainly observed in overweight and obese adults (Arciero et al., Ormsbee, 2014). The aim of 77 
the current study, therefore, was to compare the effects of combining a 10-week endurance 78 
training program with one of the following commercially available products: (i) Beef and 79 
Whey protein blend (Crown® Sport Nutrition, Spain) providing hydrolyzed 100% All Beef 80 
and whey isolate (Optipep, Carbery) mixed with orange juice; and (ii) non-protein, 81 
carbohydrate-only (maltodextrin and orange juice), on body composition and performance in 82 
well-trained male endurance runners. The primary outcomes measures were whole body fat 83 
mass, whole body lean mass, total trunk fat mass, trunk lean mass, visceral fat mass, total 84 
(right and left) upper and lower body limb lean and fat mass. Secondary outcomes measures 85 
included peak oxygen consumption, and maximal aerobic speed. Based on the available 86 
literature, we hypothesized that compared to an isoenergetic-only carbohydrate supplement, 87 
the post-workout ingestion of a carbohydrate-protein admixture would protect muscle mass, 88 
and promote fat reduction with no additional performance benefit in well-trained endurance 89 
athletes. 90 
Methods 91 
Participants 92 
After a pre-screening of the individuals characteristics and training background, thirty 93 
endurance athletes met the inclusion criteria: (a) >18–45 years of age; (b) only those who 94 
consistently trained between 6 to 10 hours per week (four to seven workout per week) for the 95 
last five years were considered for the study; (c) free from musculoskeletal limitations. 96 
Exclusion criteria were: (a) history of metabolic conditions and/or diseases; (b) consuming 97 
any medication including those with androgenic and/or anabolic effects, nutritional 98 
supplements affecting performance and body composition (e.g. creatine, essential amino 99 
acids, proteins, dehydroepiandrosterone, etc.) during the previous 8 weeks prior to the start 100 
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of the study; (c) current use of tobacco products; (d) the presence of any soft tissue or 101 
orthopedic limitations.  102 
Compliance was confirmed verbally and prior to providing written consent. The study 103 
was approved by the Institution Ethics Committee for Clinical Research (ID: 2016 RM/05). 104 
All experimental procedures were conducted in accordance with the Declaration of Helsinki 105 
and registered as Clinical Trial at ClinicalTrials.gov, U.S. National Institutes of Health 106 
(Identifier: NCT02954367). 107 
Twenty-five of the 30 recruited participants completed all aspects of the study (Figure. 108 
1). 109 
 110 
The study was designed as a double-blind, two parallel group, randomized control 111 
trial for between-participant comparisons. After assessing for eligibility, the participants 112 
were randomly allocated into two equal-size treatment groups: protein (CHO+PRO), n=15; 113 
or carbohydrate only (CHO), n=15. Following a pre-assessment of body composition and 114 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Flow diagram of participants throughout the course of the study. 
 
Assessed for eligibility (n= 40) 
Excluded (n= 10) 
• Not meeting inclusion criteria (n= 10) 
• Declined to participate (n= 0) 
• Other reasons (n= 0)  
Analyzed (n= 12) 
• Excluded from analysis (n= 0) 
• Lost to follow-up (n= 3) 
• Discontinued intervention (n= 0) 
• Allocated to CHO+PRO group (n= 15) 
• Received allocated intervention (n= 15) 
• Did not receive allocated intervention (n= 0) 
Allocation 
Randomized (n= 30) 
Enrollment 
• Allocated to CHO group (n= 15) 
• Received allocated intervention (n= 15) 
• Did not receive allocated intervention (n= 0) 
Analyzed (n= 13) 
• Excluded from analysis (n= 0) 
• Lost to follow-up (n= 2) 
• Discontinued intervention (n= 0) 
Follow-Up 
Analysis 
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performance, the participants were matched by their fat, fat-free and #̇O2peak values. In a 115 
double-blind fashion, the assignment of participants to two treatments was performed by 116 
block randomization using a block size of two. Initial groups characteristics (mean ± SD) 117 
were not significantly different at baseline:  CHO+PRO: age 30.3 ± 8.8 years, 1.74 ± 0.59 m 118 
height, 68.9 ± 4.4 kg body mass, 60.5 ± 7.3 ml/kg/min-1#̇O2peak; CHO: 34.1 ± 7.8 years, 1.76 119 
± 0.51 m height, 66.2 ± 4.0 kg body mass, 61.49 ± 6.8 ml/kg/min-1, #̇O2peak. 120 
Sample size estimations were calculated assuming a two group by two repeated 121 
measures model, where the α-error probability was set at 0.05 and the statistical power was 122 
established at 0.80 (1-β). Based upon an effect size of h2=0.035 for the primary outcome 123 
variable, fat mass (kg), and an interaction effect between groups conducted upon an interim 124 
analysis of the first 12 participants, a sample size estimation of n=24 was determined as 125 
appropriate. Nonetheless, assuming an anticipated attrition rate of 20%, we enrolled 15 126 
participants per group. 127 
Assessments 128 
Before and after a 10-week intervention period, measurements of body composition 129 
followed by an endurance test were determined. Prior to the assessments, participants were 130 
instructed to refrain from any vigorous activity and avoid caffeine ingestion for at least 48-131 
h. All tests were performed at the same time of the day for the same participant. 132 
Body mass, whole body fat mass, whole body lean mass, total trunk fat mass, 133 
estimated visceral fat mass, and fat and lean mass for upper and lower limbs (right and left) 134 
were measured using dual-energy X ray absorptiometry (General Electric Healthcare, 135 
Madison, WI). These measurements were performed in standardized conditions, in the 136 
morning and in a fasted state. 137 
A progressive to volitional exhaustion running test was used to determine peak 138 
oxygen consumption (V̇O2peak) and maximal aerobic speed (MAS). After a general warm-up, 139 
starting at 10 km·h−1, running speed was increased by 0.3 km·h−1 every 30s until volitional 140 
exhaustion. Gas exchange data were collected continuously using an automated breath-by-141 
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breath system (UltimaTM Series, MGC Diagnostic Corporation, St. Paul, Minnesota, USA 142 
Vmax 29C); which was calibrated according to the manufacturer’s instructions. The volume 143 
calibration was performed at different flow rates with a 3-L calibration syringe allowing an 144 
error <3%. The calibration of gas analyzers was performed automatically using reference 145 
values of environmental gases and cylinders (16% O2, 4% CO2). V̇O2peak was recorded as the 146 
highest V˙O2 value obtained for any continuous 30s period. The maximal aerobic speed 147 
(MAS) was associated with the last completed 30s stage before exhaustion (Esteve-Lanao, 148 
Foster, Seiler, & Lucia, 2007).  149 
Control of training 150 
All participants were trained by the same coach. All of them committed to follow a 151 
10-week training program using a polarized intensity distribution (Esteve-Lanao et al., 2007). 152 
Participants trained 5 to 6 sessions per week controlling the duration, distance and quantified 153 
intensity by continuous heart rate registration. All the participants trained during the 154 
afternoon (12 to 6:00 pm).  155 
Dietary Monitoring 156 
Each participant’s baseline diet (3 days, 2 weekdays, and 1 weekend day) was 157 
analyzed using Dietplan 6 software (Microsoft Forestfield Software Ltd. 14). Participants 158 
were instructed to maintain their normal diet. To evaluate differences caused by treatments, 159 
diet was analyzed again during the last week of the intervention. 160 
Supplementation and Control of the Intervention Compliance 161 
 The two supplements were presented as 24 g sachets of vanilla-flavored powder diluted 162 
in ~250 mL of orange juice. The mixed drinks were similar in appearance, texture and taste, 163 
and were isoenergetic. The nutritional composition of each product is presented in Table 1. 164 
On training days, supplements were ingested within 20 min after training, whereas on non-165 
training days supplement was administered before breakfast. To avoid missing doses, on non-166 
training days, automatic text messages were sent to all the participants. Additionally, 167 
participants were allowed to drink water at libitum but not to consume any food during the 168 
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training sessions.  169 
After completing the first assessment, each participant was given a batch of one of 170 
the two products, assigned according to randomization. 171 
Tolerance collected from any adverse events and compliance with supplement intake 172 
(determined by an individual follow-up) was evaluated continuously. Only participants who 173 
completed the 70 days of treatment with a minimum of 4 sessions per week (40 workouts in 174 
total) were analyzed. The diary training report was used to determine participant compliance.  175 
 176 
  177 
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Table 1. Nutritional composition of drinks per intake (24 g of powder plus 250 ml of 178 
orange juice) 179 
 Nutrient  CHO+PRO CHO 
Energy value (kcal) 204 204 
Carbohydrates (g) 27.70 50.10 
Lipids (g) 1.05 0 
Proteins (g) 19.84 0.40 
Alanine (g) 1.14 - 
Arginine (g) 0.82 - 
Aspartic acid (g) 1.94 - 
Cysteine (g) 0.33 - 
Glutamic acid (g) 3.33 - 
Glycine (g) 0.79 - 
Histidine (g) 0.48 - 
Isoleucine (g) 1.16 - 
Leucine (g) 1.76 - 
Lysine (g) 1.82 - 
Methionine (g) 0.45 - 
L-Ornitine 0.02  
Phenylalanine (g) 0.67 - 
Proline (g) 1.08 - 
Serine (g) 0.88 - 
L-Taurine 0.02  
Threonine (g) 1.13 - 
Tryptophan (g) 0.28 - 
Tyrosine (g) 0.58 - 
Valine (g) 1.13 - 
Total EAA (g) 10.64 - 
Heme Iron (mg) 1.93 - 
Zinc (mg) 2.26 - 
Potassium (mg)  2012.16 - 
Magnesium (mg) 15.90 - 
Selenium (µg) 2.88 - 
Calcium  (mg) 59.25 - 
Folic Acid (µg) 10.04 - 
Niacin (mg) 13.04 - 
Vitamin B 6 (mg) 0.04 - 
Vitamin B 12 (µg) 0.39 - 
Notes: EAA: essential amino acids; CHO+PRO: supplement admixture including orange juice 180 
mixing with a beef and whey protein blend, CHO: supplement admixture including orange juice mixing with 181 
maltodextrin. 182 
 183 
Statistical Analysis 184 
A descriptive analysis was performed and subsequently the Kolmogorov-Smirnov 185 
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and Shapiro-Francia test were applied to assess normality. Sample characteristics at baseline 186 
were compared between conditions (CHO+PRO vs. CHO) using two-tailed independent 187 
samples t test. Changes from pre to post treatment in body composition, and performance 188 
were assessed using a 2 (treatments) × 2 (times) repeated measures ANOVA. As suggested 189 
by Castañeda et al. (1993), changes over time were analyzed using a priori Bonferroni-190 
adjusted pairwise comparisons. Generalized eta squared ($%& ) and Cohen´s d values were 191 
reported to provide an estimate of standardized effect size (small d=0.2, $%&=0.01; moderate 192 
d=0.5, $%&=0.06; and large d=0.8, $%&=0.14). Significance level was set to 0.05 but p values 193 
between >0.05 and 0.1 were considered indicative of a trend. Results are reported as mean ± 194 
SD unless stated otherwise. Data analyses were performed with Stata 13.1 (StataCorp, 195 
College Station, TX). 196 
Results 197 
Due to non-intervention related reasons, five participants (3 from CHO+PRO and 2 198 
from CHO) dropped out of the study. At baseline, all the analyzed variables were not 199 
significantly different between groups. Table 2 shows the dietary monitoring results, 200 
determined before and after the intervention.  201 
At baseline, no between-group differences were observed. However, as a result of the 202 
intervention, CHO+PRO group significantly increased both the protein and carbohydrate 203 
intakes while CHO group increased the consumption of carbohydrates. Despite no changes 204 
observed in the overall caloric intake, both groups increased the energy contribution from 205 
carbohydrates and decreased the proportion from fat. However, only CHO+PRO increased 206 
the proportion of energy from proteins. Despite the observed changes, no between-treatment 207 
differences were observed at post-intervention. No complaints about any negative symptoms 208 
(i.e. hypoglycemic reaction) or gastric discomfort due to the ingestion of supplement were 209 
reported. Table 3 summarizes the pre and post values of the analyzed variables. 210 
  211 
Blend Protein Supplementation in Runners 11 
Table 2. Descriptive analysis of the participants diet composition 212 
Treatment CHO+PRO (n=12) CHO (n=13) 
Pre Post Pre Post 
Protein 
g.d-1 
g.kg-1.d-1 
% of total energy 
 
122.5 ± 23.4 
1.7 ± 0.3 
21 ± 0.4 
 
143.2 ± 29.5* 
2.1 ± 0.4* 
23 ± 0.3* 
 
125.1 ± 28.6 
1.9 ± 0.4 
22 ± 0.4 
 
125.4 ± 26.3 
1.9 ± 0.4 
21 ± 0.3 
Carbohydrate 
g.d-1 
g.kg-1.d-1 
% of total energy 
 
255.6 ± 102.9 
3.6 ± 1.4 
41 ± 0.6 
 
304.5 ± 108.0* 
4.3 ± 1.5* 
47 ± 0.5* 
 
238.82 ± 73.9  
3.6 ± 1.1 
41 ± 0.6 
 
281.9 ± 59.3* 
4.2 ± 0.9* 
48 ± 0.5* 
Fat 
g.d-1 
g.kg-1.d-1 
% of total energy 
 
97.6 ± 27.8 
1.4 ± 0.4 
38 ± 0.5 
 
103.98 ± 31.01 
1.48 ± 0.40 
30 ± 0.3* 
 
96.07 ± 29.6 
1.42 ± 0.4 
38 ± 0.5 
 
93. 5 ± 21.1 
1.4 ± 0.3 
31 ± 0.4* 
Energy 
Total daily energy 
Kcal.kg-1.d-1 
 
2433.5 ± 726.7 
34.8 ± 10.5 
 
2561.0 ± 797.7 
36.4 ± 10.5 
 
2339.8 ± 600.9 
34.7 ± 8.3 
 
2373.9 ± 471.5 
35.2 ± 6.4 
Notes: Pre and post intervention values are presented as mean ± standard deviation 213 
*P<0.05; **P<0.001 and T p<0.10 from pre to post-intervention (last week of intervention). 214 
CHO+PRO = participants ingesting orange juice mixed with beef and whey protein, CHO 215 
participants ingesting orange juice mixing with maltodextrin. 216 
 217 
Main time effects were observed for body mass [F(1,23)=7.86, p=0.010, $%&=0.26], 218 
whole body fat [F(1,23)=15.83, p=0.001, $%&=0.41], whole body lean mass [F(1,23)=4.75, 219 
p=0.040, $%&=0.17], total trunk fat mass [F(1,23)=12.04, p=0.002, $%&=0.34], visceral fat mass 220 
[F(1,23)=14.83, p=0.001, $%&= 0.39], total lower body limb fat mass [F(1,23)=6.07, p=0.022, 221 $%&=0.21] and total lower body limb lean mass [F(1,23)=5.06, p=0.034, $%&=0.18]. No 222 
interaction or between-groups effects were identified. Pairwise comparisons revealed that 223 
only CHO+PRO significantly reduced body mass (p=0.039). Both groups reduced whole 224 
body fat mass (CHO+PRO, p=0.004; CHO, p=0.024), but neither group increased trunk or 225 
upper body lean mass. No change in arm fat was observed. Furthermore, only CHO+PRO 226 
produced a significant increase in the total lower body limb lean mass (p=0.016) along with 227 
a very close to significant increase (p=0.055) in the whole-body lean mass. Additionally, both 228 
groups showed close to significant decreases in total lower body limb fat mass (CHO+PRO 229 
p=0.098; CHO p=0.075).  230 
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Table 3. Descriptive analysis of the body composition and performance variables 231 
Variables 
CHO+PRO (n=12) CHO (n=13) 
Pre Post Change ES Pre Post Change ES 
Body mass (kg) 69.6 ± 4 68.8 ± 4* -0.87 ± 0.9 0.63 67.2 ± 3.6 66.5 ± 4.3 t -0.67 ± 1.6 0.49 
Whole body fat mass (kg) 14.5 ± 3.4 13.4 ± 2.8** -1.02 ± 0.6 0.92 14.1 ± 2.8 13.4 ± 2.3* -0.74 ± 1.3 0.67 
Whole body lean mass (kg) 53.1 ± 3.3 53.6 ± 3.4t +0.57 ± 0.8 0.58 51.6 ± 3.8 51.9 ± 3.7 +0.28 ± 1.0 0.29 
Total trunk fat mass (kg) 6.8 ± 2.1 6.0 ± 1.5** -0.81 ± 0.9 0.94 6.3 ± 1.5 5.9 ± 1.4 -0.39 ± 0.8 0.45 
Trunk lean mass (kg) 24.2 ± 1.8 24.0 ± 1.7 -0.19 ± 0.9 0.20 23.3 ± 1.6 23.4 ± 1.4 +0.13 ± 0.8 0.15 
Visceral fat mass (kg) 0.34 ± 0.1 0.31 ± 0.1** -0.03 ± 0.1 0.82 0.32 ± 0.1 0.28 ± 0.1* -0.03 ± 0.5 0.72 
Total lower body limb fat mass (kg) 4.9 ± 1.0 4.7 ± 1.0 t -0.22 ± 0.2 0.47 5.1 ± 1.0 4.9 ± 1.0 t -0.24 ± 0.58 0.54 
Total lower body limb lean mass (kg) 18.9 ± 1.4 19.4 ± 1.6* +0.52 ± 0.7 0.75 18.4 ± 1.6 18.5 ± 1.7 +0.10 ±0.6 0.16 
Total upper body limb fat mass (kg) 1.7 ± 0.5 1.7 ± 0.6 +0.01 ± 0.1 0.01 1.7 ± 0.5 1.5 ± 0.4 -0.11 0.30 
Total upper body limb lean mass (kg) 6.4 ± 0.6 6.6 ± 0.7 +0.22 ± 0.6 0.38 6.1 ±0.8 6.2 ± 0.8 +0.02 ± 0.5 0.04 V̇O2peak (ml.kgm.min-1) 61.0 ± 5.6 61.2 ± 4.0 +0.24 ± 2.8 0.07 60.1 ± 6.9 60.8 ± 5.0 0.15 ± 3.7 0.04 
Maximal aerobic speed (km.h-1) 17.8 ± 1.3 18.4 ± 1.0** +0.56 ± 0.5 1.01 17.7 ± 1.0 18.1 ± 0.9* +0.35 ±0.5 0.64 
 232 
Note: Values determined at pre, post and the corresponding calculated change (post – pre) are presented as mean ± standard deviation. Pairwise 233 
comparison *p<0.05; **p<0.01 respect to pre-intervention values. tp >0.05 and <0.1. ES= Cohen’s d, effects size for two dependent means. 234 
CHO+PRO = participants ingesting orange juice mixing with beef and whey protein, CHO participants ingesting orange juice mixing with 235 
maltodextrin. 236 
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Only CHO+PRO significantly decreased total trunk fat (p=0.004, Figure 2A). 237 
However, both treatments decreased visceral fat (CHO+PRO, p=0.009; CHO, p=0.016, 238 
Figure 2B). No statistically significant differences between groups were observed after 239 
intervention in any of the body composition variables. 240 
 241 
Figure 2. Observed changes in the total trunk fat (A) and estimated visceral fat (B). 242 
CHO+PRO = participants ingesting orange juice mixed with beef and whey protein,  243 
CHO = participants ingesting orange juice mixed with maltodextrin.  244 
Data are presented as mean (95% CI). **p<0.01, *p<0.05; respect to pre-intervention values. 245 
 246 
Training time distribution was as follows: 75–80% in Zone 1, ~5% in Zone 2, and 247 
15–20% in Zone 3. The resulted training load using the ECOs methods described by Esteve-248 
Lanao et al., (2017) was ~43%-7%-50% for Zone 1; Zone 2 and Zone 3 respectively. 249 
No time, group or time x group interaction effects were determined for V̇O2peak, 250 
however, main time (F(1,23)=17.11, p=0.001, #$%=0.43) but no group or interaction effects 251 
were determined for MAS. Pairwise comparisons revealed that both groups significantly 252 
increased the speed at MAS (CHO+PRO p=0.001; CHO p=0.03). 253 
Discussion 254 
The present study shows that ingesting a 20 g post workout protein blend (beef and 255 
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whey) mixed with orange juice over 10 weeks promoted positive changes in body 256 
composition, reduced body mass, total trunk fat and increased lean mass in endurance-trained 257 
runners. Despite the observed modification in the CHO+PRO group and the improved MAS 258 
determined in both groups (CHO+PRO and CHO), no significant differences between 259 
conditions were noticed at post-intervention. 260 
Compared to CHO, the decrease in body mass in CHO+PRO was associated with a 261 
higher amount of fat mass loss (CHO+PRO: -1.02 ± 0.6 vs. CHO: -0.74 ± 1.3) alongside a 262 
superior increase of the whole-body lean mass (CHO+PRO: +0.57 ± 0.8 vs. CHO: +0.28 ± 263 
1.0). Indeed, only the CHO+PRO group showed higher effect sizes to increase lower body 264 
limb lean and whole-body lean mass respectively (Table 3).  265 
The observed results emphasize the positive effects of ingesting a protein supplement 266 
to preserve or promote muscle mass in endurance athletes (Doering et al., 2016; Naclerio et 267 
al., 2017). Maintaining appropriate levels of lower body limb lean mass in long distance 268 
runners has been associated with more efficient recovery, reduced overload related injuries 269 
and generally better training outcomes (Doering et al., 2016). Moreover, the ingestion of a 270 
post-workout admixture providing carbohydrates and 0.25 to 0.4 g.kg.body mass-1 of high-271 
quality protein has been shown to favor body net protein balance and support recovery after 272 
endurance exercises (Jager et al., 2017). Participants allocated to CHO+PRO were ingesting 273 
between 0.26 to 0.31 g.kg.body mass-1 immediately post-workout or before breakfast during 274 
non-training days. The administered amount falls within the recommended protein intake to 275 
maximize muscle protein synthesis at rest (Areta et al., 2013) or to significantly improve 276 
muscle repair after exercise (Morton et al., 2015). 277 
There was no apparent effect due to energy or macronutrient difference as an effect 278 
of the intervention. Thus, the only main difference between conditions was the composition 279 
of the post-workout supplement. According to the diet records, the amount of carbohydrates 280 
consumed by the two groups (CHO+PRO: 4.33±1.47; CHO: 4.20±0.87 g.kg-1.d-1, Table 2) 281 
was below the recommended dose of 5 to 7 g.kg-1.d-1 for endurance athletes (Thomas et al., 282 
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2016). The limited carbohydrate intake could have negatively influenced performance or 283 
induced loss of lean body mass. However, no negative effects on body composition or 284 
performance were observed for both treatments. When carbohydrates are provided below the 285 
required amount, a higher daily protein intake toward 2 g.kg-1 would be necessary to support 286 
metabolic adaptation including optimal glycogen replenishment and muscle remodeling 287 
(Thomas et al., 2016). Participants in both groups were consuming a relatively high amount 288 
of daily protein. Furthermore, no participant was ingesting less than 1.4 g.kg-1.d-1 which is 289 
well above than the minimum daily amount of protein (1.2 g.kg-1.d-1) recommended for 290 
endurance exercisers (Thomas et al., 2016). Additionally, only one participant in CHO+PRO 291 
and three in CHO ingested more than 1.65 g·kg-1 of protein which is the suggested average 292 
intake to satisfy the metabolic demands of endurance training (Kato et al., 2016). Our results 293 
seem to support the recommendation of ingesting high-quality protein-carbohydrate 294 
admixtures immediately after training for maintaining lean mass and reducing trunk fat 295 
(Kerksick et al., 2017). Although both CHO+PRO and CHO decreased whole body fat, only 296 
the CHO+PRO group significantly reduced total trunk fat (Table 3 and Figure 2A) and 297 
increased lower body lean mass (Table 3). The beneficial effect of ingesting high-quality 298 
protein supplements on body composition has been extensively reported in active or 299 
sedentary (Miller et al., 2014) overweight/obese (Arciero et al., 2014), as well as in physically 300 
active (Monteyne et al., 2018) or trained individuals (Morton et al., 2018; Taylor et al., 2016). 301 
Nonetheless, as visceral fat decreased in both conditions, it seems that regular exercise 302 
represents the main stimulus for mobilizing internal fat in normal weight trained athletes. 303 
The ingestion of animal protein, particularly whey, rather than vegetable protein has been 304 
associated with suppressed appetite, increased satiety (Miller et al., 2014), and favors protein 305 
synthesis which in turn would increase thermogenesis after ingesting high-protein meals 306 
(Acheson et al., 2011). Therefore, a hypothetically higher use of fat as the predominant fuel 307 
to support muscle-remodeling during the early recovery phase after ingesting a post-workout 308 
protein-carbohydrate admixture could be the cause of the more favorable changes in body 309 
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composition observed in CHO+PRO compared to CHO. Moreover, recent evidences in 310 
rodents suggest that some components of whey protein such as Lactalbumin and Lactoferrin 311 
may increase postprandial lipolysis markers (Mobley et al., 2015), improve energy balance 312 
and decrease adiposity (Zapata et al., 2017) .  313 
The present study is not without limitations; the diet was not strictly controlled but 314 
only recorded over 3 days before and after intervention. Although this approach has been 315 
extensively used, providing a pre-packed daily-meal scheme to participants would offer an 316 
ideal scenario to standardize and control their diet (Jeacocke and Burke, 2010). Although the 317 
observed trend to increase in lean mass for the CHO+PRO group could be explained by a 318 
gain in musculature, it is possible that non-muscle lean tissue in the trunk region made 319 
substantial contribution (Mitchell et al., 2017). Magnetic Resonance Imaging techniques 320 
would have been required to identify the contribution of skeletal muscle, viscera, and gut to 321 
the observed changes in lean mass indistinguishable with the use of DEXA as in the current 322 
study. 323 
Considering the research design, the current findings support that the ingestion of a 324 
post-workout admixture providing protein from beef and whey mixed with orange juice 325 
represents a suitable alternative to improve body composition (trunk fat mass loss, increase 326 
whole and lower body limb lean mass) compared with the ingestion of carbohydrates alone. 327 
Nonetheless, no impact on performance has been observed.  328 
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